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ABSTRACT
Reproductively inhibited P^ . maniculatus and P^ _ leucopus 
have been shown to have elevated levels of the adrenal 
steroid, corticosterone, but these same animals exhibit no 
gravimetric evidence of adrenal hyperfunction. This study 
examined the adrenal histology of reproductively proven and 
inhibited mice of both species. Measurements were taken or 
calculated of the absolute and relative zonal areas of the 
adrenal, as well as measurements of the body weights, 
absolute and relative reproductive organ, and adrenal 
weights of proven and inhibited animals.
Body weights, absolute and relative reproductive organ 
weights, and absolute adrenal weights were significantly 
larger in proven animals than in reproductively inhibited 
animals the same age. There was no difference in relative 
adrenal weight between proven and inhibited animals. The 
histology revealed a larger zona fasciculata and zona 
reticularis in reproductively proven animals, providing no 
evidence for adrenal hyperfunction in reproductively 
inhibited animals.
ADRENAL HISTOLOGY AND REPRODUCTIVE FUNCTION 
IN PEROMYSCUS MANICULATUS BAIRDII AND 
PEROMYSCUS LEUCOPUS NOVEBORACENSIS
INTRODUCTION
The adrenal gland can be divided into four areas, each 
responsible for the secretion of a different hormone. The 
outermost zona glomerulosa, secretes aldosterone, regulating 
sodium and potassium excretion. The innermost medulla 
releases the neurotransmitters epinephrine and 
norepinephrine, which stimulate the sympathetic nervous 
system. The middle zones, zona fasciculata and zona 
reticularis, along with the zona glomerulosa, make up the 
adrenal cortex. Under the influence of the pituitary, the 
fasciculata and reticularis secrete glucocorticoids.
The glucocorticoids, such as cortisol and/or 
corticosterone, are involved in the regulation of food 
metabolism, inflammation and stress. They are responsible 
for gluconeogenesis, the conversion of amino acids and fats 
into carbohydrate. This is important for converting the 
body*s stored reserves into energy. Glucocorticoids are 
well known for their anti-inflammatory effects and 
suppression of the immune response. They also mediate the 
responses characteristic of adaptations to chronic stress.
Selye (194 6), developed a theory of adaptation to 
chronic stress called the General Adaptation Syndrome which
2
3maps the reactions to stressful stimuli over time. The 
first stage, or Alarm Reaction, involves increased secretion 
of glucocorticoids, and correspondingly, an enlargement of 
the adrenal gland with a hypertrophy of that part of the 
adrenal gland responsible for the production of 
glucocorticoids. In the Resistance Stage, the prolonged 
increased secretion of glucocorticoids allows the animal to 
'adapt1 to the stressful stimuli. Finally, in the 
Exhaustion Stage, the animal cannot function normally in the 
continued presence of the stressful stimuli and eventually 
dies.
The effects of glucocorticoids combine to generally 
cope with a stressful situation of short duration. Their 
effect on metabolism may enable an animal faced with a 
stressful situation to reduce food intake. Amino acids, 
liberated by the catabolism of body stores, not only provide 
energy, but also constitute a source of amino acids for 
tissue repair, if an injury should occur.
Stress has been suggested as a density dependent force 
in wild populations of animals. There is ample evidence 
that, when certain natural populations of animals such as 
lemmings (Chitty, 1961), voles (Andrews and Belknap, 1979) , 
and mice (Andrews, 1970; Christian, 1971) become crowded, 
reproduction is suppressed. One hypothesis concerning a 
mechanism regulating population size is that increased 
crowding and social contact result in stress (Christian,
41963; Christian and Davis, 1964) and that it is this stress 
that triggers hyperactivity of the hypothalamic-pituitary- 
adrenocortical system, which, in turn, alters gonadotrophic 
secretions. It is this cascade of hormonal changes that 
would result in a suppression of growth and inhibition of 
reproduction.
The role of the adrenal cortex and corticosterone has 
been studied in relation to population regulation.
Increased adrenocortical function (measured by increased 
adrenal weights) with increased population size has been 
observed by numerous investigators (Christian, 1956; Varon 
and Christian, 1963; Hull et al. , 1974; Purushotham, et al., 
1978). Increased adrenocortical function, as measured by an 
increase in the plasma corticosteroid concentrations has 
also been observed in response to crowding in mice (Varon 
and Christian, 1963; Sung et al., 1977; Bradley and 
Terman, 1981a). Adrenocorticotrophic hormone (ACTH), the 
pituitary regulator of adrenal glucocorticoid function, has 
also been shown to be elevated in stressed animals (Cook et 
al., 1973) and to cause increases in plasma corticosterone 
and adrenal weight in the guinea pig (Fajer, 1963). Several 
researchers have also demonstrated that exogenous 
administration of ACTH may serve to reproductively inhibit 
males from several species of rodents (Pasley and Christian, 
1971; Collu et al., 1979).
Laboratory populations of prairie deermice (Peromyscus
5maniculatus bairdii) will regulate their numbers even when 
surplus food and water are provided (Terman, 1965, 1969). 
This control is achieved by cessation of reproduction or 
failure of young to survive, or both. Light microscopy 
studies from reproductively inhibited maniculatus have 
revealed no gravimetric or histological evidence of adrenal 
hyperfunction (Bradley and Terman, 1981a). Similar, animals 
however, have significantly elevated levels of the 
adrenocortical hormone, corticosterone (Sung et al., 1977). 
White-footed mice (Peromyscus leucopus noveboracensis) also 
show an ability to regulate their numbers in laboratory 
populations through similar mechanisms as deermice (Wolfe, 
1981). Recent studies have indicated that there is an 
elevated serum corticosterone concentration in repro­
ductively inhibited males but not females (Ransone, 1988).
A preliminary survey of selected adrenals of P. 
maniculatus has suggested that there may be some differences 
in the histology of the reproductively inhibited animals 
(Bradley and Terman, 1981a). The present study examined the 
differences in adrenal histology between reproductively 
proven and reproductively inhibited assembled population 
animals of both leucopus and P^ _ maniculatus. Because 
hypertrophy of the adrenal gland may not be readily apparent 
by the weight of the gland, the area of the zones of the 
adrenal gland was measured to determine if adrenal 
hypertrophy might be explained by a relative hypertrophy of
6the cortical zones responsible for secreting corticosterone 
(zona fasciculata and zona reticularis).
MATERIALS AND METHODS
ANIMAL MAINTENANCE
The animals used in this study were prairie deermice 
(Peromyscus maniculatus bairdii) and white-footed mice 
(Peromyscus leucopus noveboracensis) obtained from separate 
outbred laboratory colonies. The two species were kept 
entirely separate from each other in two different rooms.
CONTROL ANIMALS 
P. maniculatus
Male deermice (age 59-66 days) were paired with 
nonsibling females (age 59-67 days) and kept on one side of 
a two chambered, wire topped, opaque plastic cage (12 cm X 
2 6 cm X 14 cm). Food and water were continuously available 
pine shavings, approximately 3 cm deep, were used as 
bedding. After two weeks, animals were examined for signs 
of reproduction. Animals were checked daily for pregnancy 
at 21 days after pairing, the natural gestation period. If 
a pregnancy was noted, the pair was separated with one on 
each side of the two-chambered cage. The female was checked 
every day after that until a litter was born, at which time,
7
8the litter was removed. If a pregnancy was missed, and 
young were born before the pair could be separated, the pair 
was separated within 24 hours of the birth of the litter and 
the litter was removed.
Twelve pairs were sacrificed at 121-131 days of age, an 
average of 25 days since the birth of the litter (14-39 
days). No pregnant females were used for the study. These 
proven animals were anesthetized with diethyl ether at 
approximately one hour before the onset of the dark period 
in order to collect the blood at a time when ACTH would be 
at its peak (Retiene et al., 1968; Matsuyama et al., 1971). 
Only one animal of each pair was sacrificed daily to avoid 
any induced stress reaction in the other.
P. leucopus
Control white-footed mice were established and 
sacrificed in the same way as the deermice. The animals 
were 29-53 days old at pairing. Sixteen pairs were 
sacrificed at 121-130 days of age, an average of 37 days 
(24-47 days) after the birth of the litter. As with P. 
maniculatus. no pregnant females were used.
REPRODUCTIVELY INHIBITED ANIMALS FROM ASSEMBLED POPULATIONS 
P. maniculatus
Two populations of 30 animals were assembled with 15 
males and 15 females (ages 22-33 days) in each population.
9No same sex siblings and no more than one opposite sex 
sibling for each animal were used in any given population. 
Animals were toe-clipped for identification.
Populations were maintained in circular, aluminum 
enclosures, 150 cm in diameter and approximately 70 cm in 
height. Each population was provided with 5 one quart 
plastic containers for nest boxes and pine shavings for 
bedding. Food and water were continuously available. The 
populations were maintained in a room where the light cycle 
was 14 hours of bright fluorescent light and 10 hours of 
darkness. Animals were captured and examined every two 
weeks for signs of reproductive development (scrotal or 
non-scrotal testes and perforate or an imperforate vagina). 
No evidence of reproduction occurred in either of the 
populations.
Animals were rejected for inclusion in the study on the 
basis any one of the following criteria: 1. If the animal
had escaped; 2. If the animal had been observed to be 
testis-scrotal or had a perforate vagina at any time; 3. If 
it was not within the age range of 120-136 days old during 
the time of sampling in that population; 4. If it had ever 
shown any sign of infection or injury; 5. If the sample 
size of at least 12 inhibited males and 12 inhibited females 
from both populations was completed before the animal was 
collected. Those animals to be sacrificed were tail-marked 
with a non-toxic, ultraviolet fluorescent dye (Blak-Ray Ink
A-946, Ultraviolet Products, Inc.) at least 24 hours in 
advance of when they were to be sampled. Approximately one 
hour before the onset of the dark period, the tail-marked 
animals were identified using a high intensity long wave 
ultraviolet light (Blak-Ray UVL-SC), quickly captured and 
anesthetized with diethyl ether. Care was taken to avoid 
disturbing the rest of the population and those tail-marked 
animals that were disturbed during the capture of another, 
were sacrificed on another day. Animals were approximately 
12 0 days old at the time of sacrifice.
P. leucopus
Each of two populations of 30 animals of white-footed 
mice were assembled, maintained, and sacrificed in the same 
way as the populations of deermice. The only difference was 
that the animals were 29-58 days old at assembly.
TISSUE COLLECTION
The animal was anesthetized, the abdominal cavity was 
opened with a ventral abdominal incision, the left renal 
artery was cut and the blood was collected using a sterile 1 
ml disposable syringe (without the needle). The blood was 
transferred to a 1.5 ml polypropylene microcentrifuge tube 
and allowed to clot for at least 5 minutes after which it
11
was centrifuged at 9000 x g to separate the cells from the 
serum. The serum was drawn off, frozen at -70° C, 
and stored for possible corticosterone assay.
After the blood was collected, the left and right 
adrenal glands were removed, the animal's body was weighed 
to the nearest 0.1 g, and was placed in a 10% buffered 
formaldehyde solution. Adrenal glands were dissected, 
placed in a 2% glutaraldehyde/1.5% paraformaldehyde solution 
and allowed to fix for 2-3 hours. The adrenals were then 
finely dissected, individually weighed to the nearest 0.1 
mg, sliced in half along the minor axis and, prepared for 
light microscopy using a Historesin embedding kit for light 
microscopy (LKB-Bromma, Sweden) and an RMC 3189 
Ultraprocessor. Only the left adrenal was prepared for 
light microscopy. The right adrenal was prepared for 
electron microscopy (which was not carried out as part of 
this experiment). Care was taken so that the cross 
sectional face of the adrenal half was oriented flush 
against the surface of the block that would be sectioned. 
Sectioning was done using a JB-4 Ultramicrotome and a 
hematoxylin and eosin stain was used to stain the sections. 
Right adrenals were quartered (P^ . maniculatus) or cut into 
eight sections (P^ leucopus), postfixed in 0s04, dehydrated 
in acetone, embedded in epoxy resin and held for a later 
study. Reproductive organs (testis, seminal vesicles, 
uterus and ovaries) were allowed to fix inside the body for
12
several weeks, after which time they were removed, cleaned 
of all fat, and weighed to the nearest 0.1 mg.
ADRENAL HISTOLOGY
Light Microscopy
Only the left adrenal was examined in this study. The 
area of adrenal zones were measured using the BioQuant 
System IV (R&M Biometrics, Inc., Nashville, Tn). From each 
animal, the largest adrenal cross-section was chosen based 
on a series of measurements of total area of several 
sections from each animal. Measurements taken or calculated 
were as follows: total adrenal area, zona glomerulosa area,
adrenal medulla area, total cortex area and zona fasciculata 
plus zona reticularis area. A series of ten consecutive 
measurements was made for each cross section and the mean 
was calculated. All areas were measured in squared 
micrometer units which were later converted to mm2 units and 
rounded off to the nearest 0.01 mm2
STATISTICAL ANALYSIS
Data on any particular animal were used only if that 
animal had a value for every characteristic studied. For
13
example, if the adrenal glands of a particular animal were 
destroyed or lost before data could be read from them, the 
body weight and gonad weights were not included in this 
study. Results are given as the mean plus or minus the 
standard deviation. All comparisons between control and 
population animals were made with a two-way ANOVA and 
Tukey's test (SPSSX statistics program). Comparisons of 
selected parameters between populations were made with the 
Student's t-test. Differences were considered significant 
at P < 0.05.
RESULTS
DIFFERENCES BETWEEN 
REPRODUCTIVELY INHIBITED ANIMALS 
FROM ASSEMBLED POPULATIONS
P. maniculatus
Some males selected from one of the assembled 
populations were more reproductively developed in terms of 
testis weight than males of the other population. Thus, 
there was a significant (P < 0.01) difference in the mean 
testis weight between the two groups. However, no other 
statistically significant differences were detected for any 
comparison in either sex. There was no reproduction or 
mortality in either population.
P. leucopus
There was no statistically significant difference 
between reproductively inhibited animals from the assembled 
populations of P_s_ leucopus in any comparison for either sex. 
There was no reproduction or mortality in either population.
14
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COMPARISONS BETWEEN PROVEN ANIMALS 
AND REPRODUCTIVELY INHIBITED ANIMALS 
OF THE SAME SEX AND SPECIES
BODY WEIGHT, ABSOLUTE AND RELATIVE GONAD AND ADRENAL WEIGHT
All animals were 118-136 days old at the time of death. 
Proven animals were significantly (P < 0.05) larger than 
reproductively inhibited animals with respect to body 
weight, absolute and relative reproductive organ weight, and 
absolute paired adrenal weight. It should be noted that 
some uterine scars were visible on uteri of proven animals. 
No significant differences were found between proven animals 
and reproductively inhibited animals in relative adrenal 
weight (cf. Tables 1, 2, 3, and 4).
ADRENAL HISTOLOGY
P. maniculatus proven males versus Pjj_ maniculatus inhibited 
males
Proven animals were significantly (P < 0.05) larger 
than reproductively inhibited animals with respect to total 
adrenal area, and absolute and relative zona fasciculata 
plus zona reticularis area. No significant differences were 
found in the absolute and relative areas of the total 
adrenal cortex, adrenal medulla, or zona glomerulosa (Table 
5) .
16
P. maniculatus proven females versus P^ _ maniculatus 
inhibited females
No significant differences in adrenal histology were 
found between proven females and reproductively inhibited 
females (Table 6).
P. leucopus proven males versus P^ . leucopus inhibited males
The total adrenal area, absolute adrenal cortex area, 
absolute zona glomerulosa area, and absolute zona 
fasciculata plus zona reticularis area were found 
significantly (P < 0.05) larger in proven males than in 
reproductively inhibited males. No significant differences 
were found between proven and inhibited males with respect 
to the relative total adrenal cortex area, the absolute or 
relative adrenal medulla area, the relative zona glomerulosa 
area or, the relative zona fasciculata plus zona reticularis 
area (Table 7).
P. leucopus proven females versus P. leucopus inhibited 
females
The total adrenal area, absolute adrenal cortex area, 
relative zona glomerulosa area, and absolute zona 
fasciculata plus zona reticularis area were found 
significantly (P < 0.05) larger in proven females than in 
reproductively inhibited females. No significant
17
differences were found between proven and inhibited females 
with respect to the relative total adrenal cortex area, the 
absolute and relative adrenal medulla area, the absolute 
zona glomerulosa area or, the relative zona fasciculata plus 
zona reticularis area (Table 8).
COMPARISONS BETWEEN 
P. maniculatus AND P. leucopus
Proven males
P. leucopus proven males were significantly (P < 0.05) 
larger than P_s_ maniculatus proven males with respect to body 
weight, absolute and relative adrenal weight, total adrenal 
area, absolute and relative cortex area, absolute and 
relative zona fasciculata plus reticularis area, and 
absolute zona glomerulosa area. P^ _ maniculatus proven males 
were significantly (P < 0.05) larger than P_t_ leucopus proven 
males with respect to relative testis weight, and relative 
medulla and zona glomerulosa area. No significant 
differences were found between the two species* proven males 
in the absolute and relative seminal vesicle weight, 
absolute testis weight, or the adrenal medulla area (cf. 
Tables 9 and 10.)
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Reproductively Inhibited Males
P. leucopus inhibited males were significantly (P < 
0.05) larger than Pj_ maniculatus inhibited males with 
respect to body weight, absolute and relative adrenal 
weight, total adrenal area, absolute and relative cortex 
area, absolute and relative zona fasciculata plus 
reticularis area, and absolute zona glomerulosa area. P. 
maniculatus inhibited males were significantly (P < 0.05) 
larger than P_;_ leucopus inhibited males with respect to 
relative medulla and zona glomerulosa area. No significant 
differences were found between the two species' population 
males in the absolute and relative seminal vesicle weight, 
absolute and relative testis weight, or in the absolute 
medulla area (cf. Tables 11 and 12).
Proven Females
P. leucopus proven females were significantly (P <
0.05) larger than P^ . maniculatus proven females with respect 
to absolute and relative uterus and adrenal weight, total 
adrenal area, absolute and relative cortex and zona 
fasciculata plus reticularis area, and absolute zona 
glomerulosa area. P_j_ maniculatus proven females were 
significantly larger than P^ _ leucopus proven females with 
respect to absolute and relative ovary weight, and relative 
medulla and zona glomerulosa area. No significant 
differences were found between the two species' proven
19
females in body weight or absolute medulla area (cf. Tables 
13 and 14).
Reproductively Inhibited Females
P. leucopus inhibited females were significantly (P < 
0.05) larger than P_j_ maniculatus inhibited females with 
respect to body weight, absolute and relative adrenal 
weight, total adrenal area, absolute and relative cortex 
area, absolute and relative zona fasciculata plus 
reticularis area, and absolute zona glomerulosa area. P. 
maniculatus inhibited females were significantly (P < 0.05) 
larger than P^ . leucopus inhibited females with respect to 
relative medulla and zona glomerulosa area. No significant 
differences were found between the two species' inhibited 
females with respect to the absolute and relative ovary and 
uterus weight, or the absolute medulla area (cf. Tables 15 
and 16).
LEFT AND PAIRED ADRENAL WEIGHT
In previous studies, the weight of the left and right 
adrenal has been considered as a paired unit and are 
reported as such in this study. However, the left and right 
adrenal were weighed separately, giving the opportunity to 
determine if the left and right adrenal glands are similar 
in weight. The mean weight of all the left adrenal glands
20
of maniculatus was 1.3 mg (± 0.30), the mean paired 
adrenal weight of all P_j_ maniculatus was 2.4 mg (± 0.64). 
Mean left adrenal weight of P^ . leucopus was 4.8 mg (±
0.69). Mean paired adrenal weight of P_j_ leucopus was 9.6 mg 
(± 1.56). A table of these results is included in Appendix 
I and Appendix J.
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DISCUSSION
In the past, populations from this laboratory have been 
founded by several pairs of reproducing animals, and grown 
until they reach asymptote (Terman, 1965, 1969, 1973; Sung 
et al., 1977? Bradley and Terman, 1981a, 1981b, 1981c? and 
Coppes and Bradley, 1984 with maniculatus; Wolfe, 1981, 
and Ransone, 1988 with P_j_ leucopus) . Reproductive 
inhibition is achieved by the failure of litters to survive 
and/or the failure of surviving litters to mature sexually. 
In the present study, inhibited animals were produced by 
placing 15 males and 15 females together at roughly the same 
age (22-33 days for P^ _ maniculatus. 29-53 days for P. 
leucopus). Although the inhibited animals from the present 
study were not produced in the same way as inhibited animals 
from the previous studies, they do exhibit physiological 
characteristics similar to reproductively inhibited animals 
from asymptotic populations, i.e. their body, reproductive 
organ, and adrenal weights are significantly (P < 0.05) 
smaller than that of proven or control animals of the same 
sex and species (cf. Tables 1-4).
It is important to note that the assembled population 
animals used in this study remained in a reproductively
37
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inhibited state in the presence of cohorts of similar age. 
This is in contrast to the founded asymptotic populations in 
which reproductive inhibition is maintained in animals in 
the presence of one or more, usually older, reproductively 
proven males. The differences in social structure betweeen 
assembled and founded populations and how that structure 
relates to reproductive inhibition warrants further study.
Comparisons of P^ . maniculatus proven and inhibited males
Reproductively proven males were significantly (P < 
0.05) larger than reproductively inhibited males with 
respect to body weight, absolute and relative reproductive 
organ weight, and absolute adrenal weight. No significant 
differences were found in the relative adrenal weight (See 
Table 1). Sung et al., (1977) had similar findings.
Bradley and Terman (1981a) found that the adrenal weight of 
control males tended (P < 0.1) to be larger than that of 
population males but that the relative adrenal weight tended 
(P < 0.1) to be larger in population males, indicating a 
possible relative hypertrophy of the adrenal gland in 
population males, and prompting the present study. Coppes 
(1984) found no significant differences in the absolute 
adrenal weight between control and population males.
Proven P_s_ maniculatus were found significantly (P < 
0.05) larger than reproductively inhibited males with 
respect to the total adrenal area, and absolute and relative
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zona fasciculata plus reticularis area (See Table 4).
Bradley and Terman (1981a) observed this as well, but they 
also found that the medulla area was significantly (P <
0.01) smaller in population males and suggested that if the 
medulla was smaller in population males, the fasciculata and 
reticularis may be relatively larger in population males. 
This could account for the elevated levels of serum 
corticosterone that they and others (Sung et al., 1977) 
found in inhibited males. However, the present study found 
no significant difference in the medulla or zona glomerulosa 
area between proven and inhibited P^ _ maniculatus males, but 
there is an increase in the zona fasciculata plus 
reticularis in proven males, indicating no hypertrophy of 
corticosterone-producing tissue in inhibited males.
Comparisons of P^ . maniculatus proven and inhibited females
P. maniculatus reproductively proven females were 
significantly (P < 0.05) larger than reproductively 
inhibited females with respect to body weight, absolute and 
relative reproductive organ weight, and absolute adrenal 
weight. No significant difference was found in the relative 
adrenal weight between proven and inhibited females (See 
Table 2). This same trend was observed by Sung et al.
(1977). Bradley and Terman (1981a) however, found no 
significant difference in body weight or adrenal weight 
between control and population females. This may have been
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due to the fact that they used non-parous females for 
control animals, whereas in the present study, parous 
animals were used. Sung et al., (1977), also used non-
parous animals, but his control females were much older 
(23 0-270 days old versus 120-140 days old in the Bradley and 
Terman (1981a) study, and 121-131 days old in the present 
study). An increase in female adrenal weight with sexual 
maturation has been observed in rats (Christian, 1967) and 
Microtus (Christian and Davis, 1964, 1966), but there has 
been no previous indication of an increase in female adrenal 
weight with sexual maturation in P_j_ maniculatus or P. 
leucopus (Christian, 1967). Bradley and Terman (1981a) also 
found that, like the males in their study, their population 
females had significantly (P < 0.02) larger relative adrenal 
weights when compared with control females. Bradley and 
Terman (1981a) also found significantly elevated (P < 0.001) 
levels of serum corticosterone in their population females 
when compared with control females.
The present study found no significant differences in 
any adrenal areas between proven and reproductively 
inhibited females (see Table 6). Bradley and Terman 
(1981a) observed no significant difference in the total 
adrenal or zona fasciculata plus reticularis area, but the 
medulla area tended (P < 0.1) to be smaller in population 
females than in control females, as it had been in the males 
of their study. It is difficult to comment on the
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importance of the lack of differences found in this study 
between the proven and inhibited females of P^ . maniculatus 
when compared to P_;_ maniculatus males, because P_j_ leucopus 
females (See Table 8) do show differences in adrenal 
histology similar to those seen in P_j_ leucopus males (See 
Table 7). This potentially disproves any general sex-based 
adrenal size difference related to Peromvscus. However, 
there may be differences in adrenal function related to 
reproductive condition between the two species that have yet 
to be determined.
Comparisons of leucopus proven and inhibited males
P. leucopus proven males were significantly (P < 0.05) 
larger than reproductively inhibited males with respect to 
body weight, absolute and relative reproductive organ 
weight, and absolute adrenal weight. No significant 
difference was found between proven and inhibited males in 
terms of the relative adrenal weight (See Table 3). This is 
similar to that seen in P^ . maniculatus males and females 
(cf. Tables 1 and 2) . Ransone (1988) also found P_j_ leucopus 
proven males significantly (P < 0.001) larger than 
population males with respect to body, and reproductive 
organ weight, but no significant difference in the absolute 
adrenal weight.
Adrenal histology revealed significantly (P < 0.05) 
larger total area, absolute cortex, zona glomerulosa, and
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zona fasciculata plus reticularis area in reproductively 
proven males when compared with reproductively inhibited 
males (See Table 7). This is similar to the findings for P. 
maniculatus males of this study. The total area and 
absolute zona fasciculata plus reticularis area are 
significantly (P < 0.05) larger in proven males when 
compared with inhibited males of the same species. This 
suggests that, in reproductively inhibited males, there is 
no hypertrophy of the corticosterone producing tissue of the 
adrenal, nor is there a decrease in the medulla or zona 
glomerulosa tissue to accomodate an expanding zona 
fasciculata and reticularis, while maintaining a smaller 
total adrenal area. In comparing reproductively proven and 
inhibited males from this study, it is clear that proven 
males have a larger total adrenal area, resulting from an 
increase in the amount of zona fasciculata and reticularis, 
and zona glomerulosa to a lesser extent in P^ leucopus 
males. It is also clear that the high levels of circulating 
corticosterone in population males found in other studies 
(Sung et al., 1977; Bradley and Terman, 1981a) may not 
necessarily be explained by a hypertrophy of the zona 
fasciculata and reticularis area.
Comparisons of P-_ leucopus proven and inhibited females
P. leucopus proven females were significantly (P <
0.05) larger than reproductively inhibited females with
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respect to body weight, absolute and relative reproductive 
organ weight, and absolute adrenal weight. No significant 
difference was found between proven and inhibited females 
with respect to relative adrenal weight (See Table 4). 
Ransone (1988) found no significant difference in the body 
weight or adrenal weight between control and population 
animals, however? he used non-parous females that were only 
70 days old as his control animals, while the present study 
used older, parous females. This may account for the larger 
body weight of the control-proven females in this study, and 
for the significantly (P < 0.05) larger body weight found 
for reproductively proven versus reproductively inhibited 
females in this study, but lacking in Ransone1s study. 
Reproductive organ weights from his study were, like those 
found in this study, significantly (P < 0.001) larger in 
control females than in population females.
Adrenal histology revealed significantly (P < 0.05) 
larger total adrenal area, absolute cortex area and absolute 
zona fasciculata plus reticularis area in P^ _ leucopus proven 
females versus reproductively inhibited females (See Table 
8). This suggests that, like the males from both species of 
Peromvscus in this study, the total adrenal area from the 
proven animal is larger as a result of an increase in the 
amount of zona fasciculata plus reticularis. It is not 
known why this same trend is not observed in P_s_ maniculatus 
females, but it may be the result of some sex based
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difference between the species with respect to adrenal 
function.
Summary of comparisons between proven and inhibited animals
The results of this study on the body weight and 
absolute and relative reproductive organ and adrenal gland 
weight show that proven animals have significantly (P <
0.05) larger body weights than inhibited animals. They also 
have significantly (P < 0.05) larger absolute and relative 
reproductive organ weights than reproductively inhibited 
animals of the same age. The adrenal glands of proven 
animals are also significantly (P < 0.05) larger in absolute 
but not significantly different in relative weight, 
indicating that any increase in adrenal activity in the 
inhibited animals is not reflected by a relative increase in 
the weight of the gland.
Previous studies have indicated that strong 
correlations between adrenal secretion, adrenal weight, and 
animal weight can be demonstrated in lemmings (Andrews,
1968), voles (Andrews, 1970), and mice (Bronson and 
Eleftheriou, 1963; Purushotham, et al., 1978). Christian 
(1955a, b) found that increasing the population density 
produced a proportional increase in the weight of the 
adrenal gland along with a decrease in testicular and 
seminal vesicle weight of white mice. Christian (1963) also 
reviewed the subject of the effect of population density on
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adrenal response and concluded that hypertrophy of adrenal 
glands following density increase is a widespread phenomenon 
in various species of rodents and that in house mice, 
increased adrenal weight with increased population density 
was attributable to a hypertrophy of the adrenal cortex 
(Christian, 1956).
Any elevation in serum corticosterone in reproductively 
inhibited animals selected from assembled populations of P. 
maniculatus and P_j_ leucopus. cannot be explained by a hyper­
trophy of the zona fasciculata and reticularis or a decrease 
in the area of medulla and glomerulosa. In males of both 
species, and females of leucopus, proven animals have 
larger adrenal glands, due to larger absolute zona 
fasciculata and reticularis area. This is not consistent 
with other studies which have demonstrated a density 
dependent adrenal hypertrophy in Mus (Christian, 1955a, b, 
1960). The results of this study indicates that there must 
be some other reason for the previously found elevation of 
serum corticosterone in reproductively inhibited animals of 
Peromvscus.
ACTH, an adenohypophysial regulator of corticosterone 
production, has been shown to increase the amount of zona 
fasciculata and reticularis area in Mus (Molne, 1969), but 
serum levels of ACTH have not been shown to be elevated in 
population animals of P^ _ maniculatus (Coppes and Bradley, 
1984). Bradley and Terman (1981a) suggested that increases
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in plasma binding proteins for corticosterone might protect 
the hormone from metabolism or that if reductions in hepatic 
or other metabolism were to decrease the rate of 
corticosterone inactivation, there would be an increase in 
corticosterone in the circulation that would not necessarily 
be related to adrenal hypersecretion. Hypothyroidism, in 
term of reduced serum thyroid hormone secretion, has been 
demonstrated in population males of maniculatus (Peebles 
et al., 1984; Pitman and Bradley, 1984), and may actually 
have an effect on the metabolic clearance of corticosterone.
Electron microscopy of adrenocortical tissue may lend 
itself well to resolving the question of adrenal atrophy in 
reproductively inhibited animals of Peromvscus. Studies 
have shown that stimulation of the zones producing 
corticosterone can be measured by an increase in the volume 
of smooth endoplasmic reticulum and mitochondrial 
compartments of the zona fasciculata and zona reticularis 
(Mazzocchi et al., 1976? Nussdorfer et al., 1978). An 
ultrastructural study of the embedded adrenal glands from 
this study may provide answers to the question of adrenal 
hypertrophy that elude light microscopy studies.
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DIFFERENCES BETWEEN P^ _ maniculatus and leucopus 
(See Tables 9-16)
P. leucopus animals were, with a few exceptions, 
significantly (P < 0.05) larger with respect to every 
measurement of weight and adrenal histology. Because of 
this, a discussion of similarities seems more appropriate. 
One interesting similarity between the species was that few 
significant differences were found in reproductive organ 
weight. Within the males, only the relative testis weight 
of Pj_ maniculatus proven males was significantly larger (P 
<0.05) than proven males of P_s_ leucopus (cf. tables 9 and 
11) . Among the females, P_j_ maniculatus proven females had 
significantly larger absolute and relative uterus weights 
and significantly smaller absolute and relative paired ovary 
weights than proven females of P_j_ leucopus (cf. Tables 13 
and 15). These difference may have been the result of the 
shorter time between parturition and sacrifice of P. 
maniculatus proven females (average of 25 days), than P. 
leucopus proven females (average of 35 days) which may have 
resulted in an increased uterine weights of P^ _ maniculatus. 
This may also have been reflected in a lack of significant 
differences in the body weight between the two species' 
proven females. Significant differences in adrenal 
histology were the same in every group (cf. Tables 10, 12, 
14, and 16). P^ _ leucopus animals were significantly larger
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than ^  maniculatus animals (P < 0.05) with respect to 
everything except relative medulla area and relative 
glomerulosa area, which were significantly smaller in P. 
leucopus. One interesting similarity was that there were no 
significant differences in the absolute area of the adrenal 
medulla. This suggests that, regardless of the reproductive 
condition, the amount of medulla tissue is relatively 
constant in animals from both sexes of P^ . maniculatus and P. 
leucopus. Christian (1967) also found a striking difference 
in the larger adrenal size of P_s_ leucopus when compared with 
P. maniculatus. but no significant differences in adrenal 
weight relative to body weight with respect to reproductive 
condition.
DIFFERENCES BETWEEN MALES AND FEMALES 
(See Appendix A-H)
No significant differences were found between males and 
females of P^ _ maniculatus with respect to body weight. This 
corresponds to the findings of Sung et al. (1977) in mice 
that were as old as 270 days. Several previous studies 
found that control males were significantly larger than 
control females (Bradley and Terman, 1981a, 1981b? Terman,
1969) and suggested that the sex based difference in body 
weight is greatest in the young adult control and may
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diminish as the animal grew older. That hypothesis is not 
supported by the findings of this study for P^ . maniculatus. 
This may be the result of a lack of sufficient time after 
parturition for the females, which could have increased 
their mean body weight. However, P_j_ leucopus proven males 
were significantly heavier than proven females (P_j_ leucopus 
proven females experienced an average of ten days longer 
between parturition and sampling.). Ransone (1988) also 
observed a significantly (P < 0.05) larger body weights in 
control males versus control females of P_;_ leucopus at 70 
days of age. No significant differences were found in this 
study between the body weights of population males and 
females. There were no significant differences in the 
absolute or relative adrenal weights between the sexes.
This is consistent with previous studies on P^ maniculatus 
(Sung et al., 1977; Bradley and Terman, 1981a) and P. 
leucopus (Christian, 1967).
ADRENAL WEIGHT
(See Appendix I and J.)
The weights of left versus the paired adrenal glands 
was compared. Paired adrenal glands were found to be 
approximately twice the weight of the left adrenal. This 
result suggests that the left and right adrenal are
50
approximately the same weight.
CONCLUSION
The objective of this study was to examine the adrenal 
histology of Pj_ maniculatus and P^ _ leucopus to see if the 
elevated levels of serum corticosterone previously found in 
reproductively inhibited animals could be reflected by a 
relative increase in the zona fasciculata and zona 
reticularis. This study has revealed no such evidence of 
adrenal hypertrophy. On the contrary, except for P. 
maniculatus females, where the values were not different, 
the zona fasciculata and reticularis were significantly (P < 
0.05) larger in proven animals than in inhibited animals. 
Determining the levels of serum corticosterone in the 
animals from this study will be vital in establishing a 
relationship between reproductive function, adrenal 
histology, and adrenal function.
Previous ultrastructural studies with rodents have 
shown that the level of activity of the zona fasciculata and 
zona reticularis can be determined by examination of the 
smooth endoplasmic reticulum and mitochondria. Electron 
microscopy investigations of the right adrenal glands 
collected in this study may resolve the apparent paradox of 
adrenal function in P_;_ maniculatus and P^ leucopus.
ft
Ns>
o
ft i—Hed
S
ft
ftt! T3
q O
*iH
4>*i-i
V i ao •*—<
*d CA
a
cd
p
CA
V»—H
bfi o>
i—1
cd o
a
o cdH
V E
*d
< p
o• >
c
o Pi
v
P
bo•i-H
Ph
W)
O
H
cds
o
s
a
O
>o
u
Pi
&
4>
r-H
**1 cd
. 8  6
N O
<3
a *do
•rH
43
♦rH
<*H 43
O a
*d <»
p p
cd <ZJ
■^H *H
bfl o
pH
cd
a
<D
r-H
4) cd
■a 6
< 3
u
^H
r s Po
>
0)
t-H
P
bfi
C
*h
Pi
•rH
h
o
6
o
*d
o
,p
a
o
73a
o
a
o
>
o
*H
Pi

£3&
o
•d
a
cG
W)
cG
a
4)
•d
C
©
(H
d
50
•iH
h
4>
i“H
GG
6
T3
©
CL £
A
a
d
fji
u
o
>
©
f“H
cG
0
a
©
►o
U OQ
T3
G
cd
a
o
oo
cd
Vh
cd
G
ON
©
gG
8
’d
©
©
cG
8
«
©
>
o
u
P<
APPENDIX A
Age, Body Ueight, Absolute and Relative (to Body Weight) mean Adrenal Weights 
in Proven P. maniculatus males and females. Values are mean ± standard deviation.
Body Paired Adrenal Weight
Age Weight Absolute Relative
Treatments (days) (g) (mg) (mg/g)
Proven
Males 127 18.8 3.2 0.17
n=12 ± 2.2 ± 3.16 ± 0.77 ± 0.053
Proven
Females 126 17.8 2.9 0.17
n=12 ± 3.0 ± 3.17 ± 0.47 ± 0.044
No significant differences were found.
APPENDIX B
Age, Body Weight, Absolute and Relative (to Body Weight) mean Adrenal Weights 
in Inhibited P. maniculatus males and females. Values are mean ± standard deviation.
T reatments
Age
(days)
Body
Weight
(9)
Paired Adrenal Weight 
Absolute Relative
(mg) (mg/g)
Inhibi ted 
Males 
n=13
122 
± 1.3
12.8
0.91
1.7 
± 0.77
0.14 
± 0.060
Inhibi ted 
Females 
n=17
122 
± 2 . 2
12.4 
± 1.16
1.9 
± 0.67
0.15 
± 0.061
No significant differences were found
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APPENDIX E
Age, Body Weight, Absolute and Relative (to Body Weight) mean Adrenal Weights 
in Proven P^ _ leucopus males and females. Values are mean i standard deviation.
Treatments
Age
(days)
Body
Weight
(9)
Paired Adrenal Weight 
Absolute Relative
(mg) (mg/g)
Proven
Males
n=16
125 
± 2.9
21.9 
± 2.52
11.3 
± 4.01
0.51 
± 0.155
Proven
Females
n=15
123
l 1.8
19.9 * 
± 2.34
11.0  
1 3.08
0.56 
± 0.201
* P < 0.05
APPENDIX F
Age, Body Weight, Absolute and Relative (to Body Weight) mean Adrenal Weights 
in Inhibited P^ . leucopus males and females. Values are mean ± standard deviation.
T reatments
Age
(days)
Body
Weight
(9)
Paired Adrenal Weight 
Absolute Relative
(mg) (mg/g)
Inhibited
Males
n=14
126 
± 4.7
16.4 
± 0.98
8.5
1.91
0.52 
± 0.126
Inhibited
Females
n=14
123 
± 3.7
16.2 
t 1.63
7.7
2.07
0.48 
± 0.115
No significant differences were found.
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APPENDIX I
Weights of Left Adrenal Glands and Paired Adrenal Glands for 
P. maniculatus. Values are mean ± standard deviation.
Left Adrenal Paired Adrenal
T reatment Weight Weight
Proven 1.6 3.2
Male ± 0.54 ± 0.77
n=12
Inhibited 0.9 1.7
Male ± 0.43 ± 0.77
n=13
Proven 1.5 2.9
Female ± 0.21 ± 0.47
n=12
Inhibited 1.0 1.9
Female 1 0.33 ± 0.67
n=17
All
Pmb ±
1.3
0.30 ±
2.4
0.64
n=54
APPENDIX J
Weights of Left Adrenal Gland and Paired Adrenal Gland of 
P. leucopus. Values are mean ± standard deviation.
Treatment
Left Adrenal 
Weight 
(mg)
Paired Adrenal 
Weight 
(mg)
Proven 5.6 11.3
Males ± 1.68 ± 4.01
n=16
Inhibited 4.3 8.5
Males ± 1.04 ± 1.91
n=14
Proven 5.4 11.0
Females ± 1.29 ± 3.08
n=15
Inhibi ted 4.0 7.7
Females ± 1.12 ± 2.07
n=14
All 4.8 9.6
Pin ± 0.69 ± 1.56
n=59
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